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REDUCING LEAKAGE CURRENT IN A
MEMORY DEVICE

FIELD OF DISCLOSURE

Embodiments relate to a memory systems. In particular
embodiments relate to reducing leakage current in memory
devices during a sleep mode.

BACKGROUND

Electronic devices incorporating integrated circuits, such
as application specific itegrated circuits (ASICs), often
employ power saving techniques to reduce power consump-
tion and thereby achieve extended battery life. Small, por-
table devices such as mobile telephones and personal digital
assistants (PDAs), for example, typically incorporate cir-
cuitry for implementing inactive modes to limit power
consumption by logic circuitry. Inactive modes may include
stand-by, low power and sleep modes.

Power dissipation 1 digital circuits, and more specifically
in Complementary Metal Oxide Semiconductor (CMOS)
circuits, 1s approximately proportional to the square of the
supply voltage. Therefore, an eflective way to achieve
low-power performance 1s to scale down the supply voltage.
CMOS circuits on ASICs are capable of operating at sig-
nificantly reduced power levels. In order to avoid increases
in propagation delay, however, the threshold voltage of the
CMOS devices also 1s reduced.

The reduction in threshold voltage generally causes an
increase in stand-by current due to changes in the sub-
threshold leakage current of Metal Oxide Semiconductor
(MOS) devices. The leakage current that flows through an
“ofl” transistor tends to increase exponentially as the thresh-
old voltage of a device i1s reduced. Therelfore, electronic
devices such as mobile telephones and PDAs that remain 1n
an 1nactive mode for an extended period of time can exhibit
significant leakage current, and cause undesirable drain on
battery power during the nactive mode.

In order to reduce leakage current during stand-by modes,
some ASICs include headswitches or footswitches that are
clectrically connected between the low voltage threshold
(LVT) logic gates of a CMOS circuit and the power rail or
ground rail. A headswitch 1s a high voltage threshold (HVT)
Positive Channel Metal Oxide Semiconductor transistor
positioned between the local power mesh routing of an ASIC
core or block and the top-level power mesh routing. A
footswitch 1s an HVT NMOS transistor positioned between
the local ground mesh routing and the top-level ground
rail/mesh.

During an inactive mode, the headswitches or foot-
switches are turned off to disconnect the LVT logic gates
from the power/ground supply and thereby “collapse” the
power rail. Because the headswitch or footswitch has a high
threshold voltage, the amount of leakage current drawn from
the power supply by the headswitch or footswitch 1s sub-
stantially reduced relative to the leakage current that would
otherwise flow through the LVT logic gates. During an
active mode, the headswitches or footswitches are turned on
to connect the power supply and ground to the LVT gates.
Theretfore, during an active mode, the LVT logic gates are
powered by substantially the same voltage as 1f they were
directly connected to the power supply and ground.

The implementation of headswitch or footswitch circuitry
on a global basis to collapse the power rail for a large array
of logic cells can be relatively complicated. Conventional
approaches to headswitch/footswitch implementation have

10

15

20

25

30

35

40

45

50

55

60

65

2

relied on special routing and custom analysis and design
tools. Numerous 1ssues, including extra power routing to
feed the headswitches and footswitches, significant area
overhead, unmanageable IR voltage drops, signal routing
accommodations, complications to standard tool flow and
methodology, and the use of feed-throughs, further com-
pound the complexity of conventional headswitch and foot-
switch implementations.

SUMMARY

Embodiments are directed to current leakage reduction 1n
memory devices during a sleep mode.

An embodiment can include a memory device, compris-
Ing: a memory core array including a plurality of bitlines;
peripheral logic configured to interface with the memory
core array; at least one footswitch configured to 1solate the
peripheral logic; and a headswitch configured to 1solate a
precharge current path from a supply voltage to the plurality
of bit lines of the memory core array.

Another embodiment can include a method of reducing
leakage current 1n a memory device, comprising: entering a
sleep mode; 1solating, with a footswitch, the peripheral logic
from a ground voltage during the sleep mode; and 1solating,
with a headswitch, a precharge current path to a plurality of
bitlines included within the memory core array during the
sleep mode.

Another embodiment can include a memory device com-
prising: means for receiving a sleep mode signal to enter a
sleep mode; means for 1solating a peripheral logic from a
ground voltage, the peripheral logic configured to interface
with a memory core array during the sleep mode; and means
for 1solating a precharge current path from a plurality of
bitlines included within the memory core array during the
sleep mode.

Another embodiment can include a method of reducing
leakage current 1n a memory device, the method comprising:
step for entering a sleep mode; step for 1solating, with a
footswitch, the peripheral logic from a ground voltage
during the sleep mode; and step for 1solating, with a head-
switch, a precharge current path to a plurality of bitlines
included within the memory core array during the sleep
mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are presented to aid in the
description of embodiments and are provided solely for
illustration of the embodiments and not limitation thereof.

FIG. 1 1illustrates a conventional read-only memory
(ROM).

FIG. 2 illustrates another conventional ROM.

FIG. 3 1illustrates a ROM.

FIG. 4 1llustrates a circuit diagram of the ROM of FIG. 3.

FIG. 5 illustrates a process for reducing leakage current 1n
the ROM of FIGS. 3 and 4.

DETAILED DESCRIPTION

Aspects of the embodiments are disclosed in the follow-
ing description and related drawings directed to speciiic
embodiments. Alternate embodiments may be devised with-
out departing from the scope of the embodiments. Addition-
ally, well-known elements of the embodiments will not be
described 1n detail or will be omitted so as not to obscure the
relevant details of the embodiments.
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The word “exemplary” 1s used herein to mean “serving as
an example, instance, or illustration.” Any embodiment
described herein as “exemplary” 1s not necessarily to be
construed as preferred or advantageous over other embodi-
ments. Likewise, the term “embodiments” does not require
that all embodiments include the discussed feature, advan-
tage or mode of operation. Additionally as used herein a
headswitch 1s a transistor positioned between the local high
voltage source and system high voltage source (e.g. supply
voltage/Vdd). A 1footswitch 1s a transistor positioned
between the local ground or low voltage and the system
ground or low voltage source (e.g., Vss).

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of embodiments. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises™, “compris-
ing,”, “includes” and/or “including”, when used herein,
specily the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereol.

Further, many embodiments are described in terms of
sequences ol actions to be performed by, for example,
clements of a computing device. It will be recognized that
various actions described herein can be performed by spe-
cific circuits (e.g., application specific integrated circuits
(ASICs)), by program 1nstructions being executed by one or
more processors, or by a combination of both. Additionally,
these sequence of actions described herein can be considered
to be embodied enftirely within any form of computer
readable storage medium having stored therein a corre-
sponding set ol computer instructions that upon execution
would cause an associated processor to perform the func-
tionality described herein. Thus, the various aspects of the
embodiments may be embodied 1n a number of different
forms, all of which have been contemplated to be within the
scope of the claamed subject matter. In addition, for each of
the embodiments described herein, the corresponding form
of any such embodiments may be described herein as, for
example, “logic configured to” perform the described action.

In order to better understand embodiments, two conven-
tional memory devices will be describe. Further, for consis-
tency and to facilitate and understanding specific examples
of read-only-memory (ROM) will be described with respect
to FIGS. 1 and 2, followed by a description of embodiments.
However, it will be appreciated that embodiments are not
limited to ROM devices. Embodiments can include any
memory device that does not need power to maintain its
memory state and has precharge transistors which can be
configured as a headswitch as described herein.

FI1G. 1 illustrates a conventional ROM 100. The ROM 100
of FIG. 1 includes footswitches 105 and 120, a memory core
array 110 and peripheral logic 115. The peripheral logic 115
includes low voltage threshold transistors to facilitate higher
performance of the ROM 100. By contrast, the footswitches
105 and 120 include high voltage threshold NMOS transis-
tors.

Referring to FIG. 1, during operation of the ROM 100, a
gate controlling the NMOS transistors of the footswitches
105 and 120 1s set to a higher logic level (e.g., “17), which
transitions the NMOS transistors to an “on” state. During
periods when the ROM 100 i1s not in operation, the gate
controlling the NMOS transistors of the footswitches 1035
and 120 transitions to a lower logic level (e.g., “0”). The
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NMOS transistors of the footswitches 1035 and 120 thereby
transition to an “ofl” state. Accordingly, leakage current 1s
reduced during mnactivity of the ROM 100 because current
flow 1s restricted through the footswitches 105 and 120
while the ROM 100 1s not operating (1.e., 1n “sleep” mode).

FIG. 2 illustrates another conventional ROM 200. The
ROM 200 of FIG. 2 includes headswitches 205 and 220, a
memory core array 210 and peripheral logic 215. The
peripheral logic 2135 includes low voltage threshold transis-
tors to facilitate higher performance of the ROM 200. Unlike
the footswitches 105 and 120 of FIG. 1, the headswitches
205 and 220 of FIG. 2 include high voltage threshold PMOS
transistors.

Reterring to FIG. 2, during operation of the ROM 200, a
gate controlling the PMOS transistors of the headswitches
205 and 220 1s set to a lower logic level (e.g., “0”), which
transitions the PMOS transistors to an “on” state and couples
the local power distribution to the system power distribution
(e.g., supply voltage). During periods when the ROM 200 1s
not 1 operation, the gate controlling the PMOS transistors
of the headswitches 205 and 220 transitions to a higher logic
level (e.g., “17). The PMOS transistors of the headswitches
205 and 220 thereby transition to an “off” state, which
decouples the local power distribution. Accordingly, leakage
current 1s reduced during 1nactivity of the ROM 200 because
current 1s not permitted to flow through the headswitches
205 and 220 while the ROM 100 1s not operating.

With regard to the footswitch-only approach of FIG. 1,
reduction of leakage current 1s achieved at the expense of
performance. The memory core 100 for the ROM 100
typically includes NMOS ftransistors, where the weakest
NMOS ftransistors within the memory core 100 are more
prone to process variations. Further, the power source of the
memory core 100 1s not connected to a true ground voltage.
Accordingly, the footswitch-only approach of FIG. 1 incurs
performance degradation and higher susceptibility to pro-
cess variations.

With regard to the headswitch-only approach of FIG. 2,
the headswitches 205 and 220 are typically embodied as
PMOS transistors. The drain saturation current (Idsat) of a
PMOS transistor 1s conventionally half that of an NMOS
device of the same size. Accordingly, the PMOS transistors
of the headswitch are approximately twice the size as a
corresponding NMOS transistor 1in a footswitch. Thus, the
headswitch-only approach of FIG. 2 1s associated with a
higher layout area of the ROM 200. Also,

FIG. 3 illustrates a ROM 300 according to an embodi-
ment. The ROM 300 of FIG. 3 includes footswitches 3035
and 325, a memory core array 310, a headswitch 315 and
peripheral logic 320. The peripheral logic 320 and core array
310 includes low voltage threshold transistors to facilitate
higher performance of the ROM 300.

It will be appreciated that the illustration of FIG. 3
illustrating footswitches 305 and 325 represents a specific
physical layout. However, embodiments are not limited to
this configuration. For example, footswitches 305 and 325
may be electrically coupled and operate in cooperation.
Further, a single footswitch or multiple footswitches may be
used to couple and decouple a local/virtual ground (e.g.,
vir_vss) ol the peripheral logic from a global or system
ground (e.g. Vss or O voltage point). Still further a “foot-
switch”, or “headswitch” as used herein may include one or
more switching devices (e.g., transistors). However, for
convenience ol 1llustration, explanation and consistency
with the conventional embodiments of FIG. 1 and FIG. 2,
the footswitches will be referred to herein as 1illustrated in

FIG. 3.
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Referring to FIG. 3, the footswitches 305 and 325 are
positioned 1n a manner similar to that of the footswitches
105 and 120, respectively, of FIG. 1. Accordingly, during
operation of the ROM 300, a gate controlling the NMOS
transistors (not illustrated) of the footswitches 305 and 325
1s set to a higher logic level (e.g., “17°). This transitions the
NMOS transistors to an “on” state and couples the local
ground to the system ground. During periods when the ROM
300 1s not in operation, the gate controlling the NMOS
transistors of the footswitches 305 and 323 transitions to a
lower logic level (e.g., “0”). The NMOS ftransistors of the
tootswitches 305 and 325 thereby transition to an “ofl” state,
which decouples the local ground from the system ground.
Accordingly, leakage current 1s reduced during inactivity of
the ROM 300 because current flow through the footswitches
305 and 325 1s inhibited (or eliminated) while the ROM 300
1s not operating.

Likewise, during the operation of the ROM 300, a gate
controlling the NMOS ftransistors of the footswitches 3035
and 325 1s set to a higher logic level (e.g., “1”), which
transitions the NMOS transistors to an “on” state. Accord-
ingly, the local or virtual ground (e.g. vir_vss) 1s coupled to
the system ground and current flow 1s permitted through the
tootswitches 305 and 325 while the ROM 300 1s not
operating.

Referring to FIG. 3, unlike the ROM 100 of FIG. 1, the
ROM 300 further includes headswitch 315 positioned
between the memory core array 310 and the peripheral logic
320. In an example, to reduce an area occupied by the ROM
300, the headswitch 315 can be implemented by a precharge
transistors that are conventionally in ROMs. The headswitch
315 can be used cut off or restrict a precharge PMOS path
to bit-lines 0 . . . 8 (b1t0-bit8) of the memory core array 310.
The headswitch 315 thereby reduces the burden placed upon
the footswitches 305 and 325, as compared to the foot-
switches 105 and 120 of FIG. 1, because less current flows
from the memory core array 310 into the peripheral logic
section 320.

Accordingly, because the headswitch 3135 reduces the
current 1in the above-noted manner 1n the core, the ROM 300
can be configured to include the footswitches 305 and 325
tor peripheral logic leakage reduction, which are less effec-
tive than headswitches at blocking current flow but consume
less physical area on a circuit layout. It will be appreciated
that the ROM 300 occupies less area as compared to the
dual-headswitch implementation of the ROM 200 in FIG. 2,
as there 1s no substantial additional area used for headswitch
315, which uses the existing functional precharge transis-
tors, as discussed below. Further, embodiments operate more
cllectively than the dual-footswitch implementation of the
ROM 100 in FIG. 1, as the additional headswitch 315
provides for improved leakage 1solation, as noted above.

FIG. 4 illustrates a circuit diagram of the ROM 300
according to an embodiment. Referring to FIG. 4, a slp_n 1s
an external sleep control signal (e.g., provided by a memory
controller) that determines whether the ROM 300 1s 1n an
operating mode or a non-operating mode (1.e., sleep mode).

In an example, 1 the operating mode, the NMOS tran-
sistors of the footswitches 3035 and 325 can be activated and
the local ground (vir_vss) 1s pulled to the system ground
level (e.g., “0”) by the footswitches 305 and 325. Addition-

ally, 1n the operating mode slp_n will be set to a high logic
level.

During the operating mode 1n the precharge phase, pre-
charge PMOS transistors of the headswitch 315 pull the
bitlines 0 . . . 8 to the lugh logic level. Each of the select
signal lines sel<7:0> of the 8:1 multiplexer 410 control can
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be set to a low logic level. The sense signal 1s set to the low
logic level, thereby pre-charging the internal nodes 420 of
the sense amplifier to the higher voltage level.

During the operating mode 1n the evaluation phase, the
precharge PMOS transistors of the headswitch 3135 are
pulled to the higher logic level, a differential voltage 1s
formed between the bitlines 0 . . . 8 and reference lines at the
inputs of the sense amplifier 420. When the sense signal
transitions to the higher logic level, the sense amplifier 420
senses the differential voltage and outputs an amplified
version ol the detected difference. The components (e.g.,
transmission gates 4 and 5) their functions and operations of
the sense amplifier 420 are well known and will not be
described further herein. Additionally, 1t will be appreciated
that the precharge transistors of headswitch 315 are func-
tionally operative during the operating mode and are devices
which would be used 1n conventional designs. Accordingly,
headswitch 315 can be formed of existing components that
serve a dual function. By leveraging these existing compo-
nents, the area, routing complexity and other negative design
considerations of adding a conventional headswitch are
mitigated by embodiments.

In an example, 1n sleep mode, the slp n signal can be set
to the lower logic level (e.g., “07). A NAND gate 430
(NAND1) pulls the precharge signal “precharge” to the
higher logic level (e.g., “1”) based on the states of mputs
slp_n and precharge control signal pre, thereby turming off
the PMOS field eflect transistors (PFETs) which supply a
power supply voltage Vdd to the bitlines 0 . . . 8. Thus, each
of the bitlines 0 . . . 8 gradually transitions to a ground or low
voltage level. As the NMOS transistors of the footswitches
305 and 325 are turned ofl, the internal nodes of the ROM
300 gradually transition to the higher logic level (e.g., the
supply voltage Vdd, “17, etc.). Embodiments can include
having the precharge transistor coupled to the sense ampli-
fier 420 (via transmission gate 4) controlled by the same
signal “precharge™ as the precharge transistors coupled to
bitlines 0 . . . 8. Accordingly, the precharge transistor
coupled to the sense amplifier 420 can also form part of
headswitch 315 1n embodiments.

Further, in the sleep mode, a current path at the head-
switch 315 and footswitches 305/325 can be reduced or
climinated, as will now be described. NAND gate 440
(NAND?2) transitions the sense signal SENSEI1 to the higher
logic level, and outputs sense signal SENSE1. Inverter 450
(INV3), which includes a source connected to a system
ground voltage (e.g., Vss), inverts the sense signal SENSEI,
and outputs sense signal SENSE2 at the opposite logic level
of SENSEI1 (e.g. a low logic level). Coupling Inverter 450
to the system ground helps to ensure that a low logic level
1s reached. Accordingly, transistor 460 (PMOS6) and tran-
sistor 470 (NMOST) 1n the sense amplifier 420 are shut off
and the sense amplifier 420 1s cutofl or isolated. The
peripheral logic 320 1s cutofl or isolated from the system
ground voltage Vss by the footswitches 305/325, and the
bitlines 0 . . . 8 are cutoil or 1solated from the supply voltage
Vdd by the precharge transistors which form headswitch
315. Thus, a relatively clean i1solation using the headswitch
315 and footswitches 305/325 can be achieved.

As discussed above, the NMOS transistors of the bitcells
0 ... 8 need not be footswitched 1n the ROM 300 of FIGS.
3 and 4. Rather, the headswitch 315 may be used, thereby
reducing a performance degradation associated with the
ROM 100 of FIG. 1. Also, the increased area associated with
the headswitch implementation of the ROM 200 of FIG. 2
can be reduced or eliminated because footswitches are used
(as mn FIG. 1), and the additional headswitch 3135 can be
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provided via precharge transistor which form part of the
memory circuit design. Thus, the ROM 300 can achieve the
performance of the ROM 200 with the area efliciency of the
ROM 100.

FI1G. 5 1llustrates a process for reducing leakage current in
the ROM 100. In particular, FIG. 5 describes the function-
ality of the structure set forth above 1n FIGS. 3 and 4 1n
terms ol a process (e.g., although the steps included 1n FIG.
5 need not be performed in the order indicated, but can rather
be performed 1n any order). Accordingly, referring to FIG. 5,
a sleep mode 1s entered 1n 500. The footswitches 305 and
325 1solates the peripheral logic 320 and the core 310 from
the ground voltage Vss, 505. In 510, the headswitch 315
i1solates the precharge current path (e.g., the precharge
transistor as 1llustrated 1n FIG. 4) from a plurality of bitlines
(e.g., bit0 through bit8) of the memory core array 310.
Further, 1t will be appreciated that the functionality describe
herein may be implemented at least in part on a logic/
controller coupled to the memory (e.g., to generate the
external signals discussed in the foregoing). Additionally, 1t
will be appreciated that any process and functionalities
described in herein may be included methods according to
embodiments. Accordingly, the flowchart and related
description 1s provided herein merely as an example
embodiment.

Those of skill in the art will appreciate that information
and signals may be represented using any of a variety of
different technologies and techmiques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical
fields or particles, or any combination thereof.

Further, those of skill in the art will appreciate that the
various 1llustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embodi-
ments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To
clearly illustrate this interchangeability of hardware and
soltware, various 1llustrative components, blocks, modules,
circuits, and steps have been described above generally 1n
terms of their functionality. Whether such functionality 1s
implemented as hardware or software depends upon the
particular application and design constraints imposed on the
overall system. Skilled artisans may implement the
described functionality in varying ways for each particular
application, but such implementation decisions should not
be interpreted as causing a departure from the scope of the
embodiments.

The wvarious 1illustrative logical blocks, modules, and
circuits described in connection with the embodiments dis-
closed herein may be mmplemented or performed with a
general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programmable
logic device, discrete gate or transistor logic, discrete hard-
ware components, or any combination thereof designed to
perform the functions described herein. A general purpose
processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, €.g., a
combination of a DSP and a microprocessor, a plurality of
MICroprocessors, one Or more miCroprocessors 1 conjunc-
tion with a DSP core, or any other such configuration.

In one or more exemplary embodiments, the functions
described may be implemented 1n hardware, software, firm-
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ware, or any combination thereof. If implemented 1n soft-
ware, the functions may be stored on or transmitted over as
one or more 1nstructions or code on a computer-readable
medium. Computer-readable media includes both computer
storage media and communication media including any
medium that facilitates transfer ol a computer program from
one place to another. A storage media may be any available
media that can be accessed by a computer. By way of
example, and not limitation, such computer-readable media
can comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium that can be used to
carry or store desired program code in the form of instruc-
tions or data structures and that can be accessed by a
computer. Also, any connection 1s properly termed a com-
puter-readable medium. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and blu-ray disc where
disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the
above should also be included within the scope of computer-
readable media.

In FIGS. 3 and 4, 1t will be appreciated that the ROM 300
may be included within a mobile phone, hand-held personal
communication system (PCS) unit, portable data units such
as personal data assistants (PDAs), GPS enabled devices,
navigation devices, settop boxes, music players, video play-
ers, entertainment units, fixed location data units such as
meter reading equipment, or any other device that stores or
retrieves data or computer instructions, or any combination
thereof. Accordingly, embodiments of the disclosure may be
suitably employed 1n any device which includes active
integrated circuitry including memory and on-chip circuitry
for test and characterization.

The foregoing disclosed devices and methods are typi-
cally designed and are configured into GDSII and GERBER
computer files, stored on a computer readable media. These
files are 1n turn provided to fabrication handlers who fabri-
cate devices based on these files. The resulting products are
semiconductor walfers that are then cut into semiconductor
die and packaged 1nto a semiconductor chip. The chips are
then employed 1n devices described above.

While the foregoing disclosure shows 1llustrative embodi-
ments, 1t should be noted that various changes and modifi-
cations could be made herein without departing from the
scope of the embodiments as defined by the appended
claims. The functions, steps and/or actions of the method
claims 1n accordance with the embodiments described herein
need not be performed 1n any particular order. Furthermore,
although elements of the embodiments may be described or
claimed 1n the singular, the plural 1s contemplated unless
limitation to the singular 1s explicitly stated.

What 1s claimed 1s:

1. A memory device, comprising:

a memory core array including a plurality of bitlines
coupled to bit cells;

peripheral logic configured to intertace with the memory
core array;

at least one footswitch configured to 1solate the peripheral
logic;

a headswitch configured to 1solate a high voltage supply
from the memory core array including the bit cells and
a sense amplifier during a sleep mode, wherein the
headswitch 1s formed of a plurality of precharge tran-
sistors each arranged 1n series with each of the bit cells
coupled to corresponding bitlines and a precharge



US 9,916,904 B2

9

transistor coupled to the sense amplifier, and used as
part of the memory core array;

a p-type metal oxide semiconductor (PMOS) transistor
configured to 1solate the high voltage supply from the
sense amplifier during the sleep mode; and

an n-type metal oxide semiconductor (NMOS) transistor
configured to 1solate a low voltage supply from the
sense amplifier during the sleep mode.

2. The memory device of claim 1, further comprising;:

a first logic gate coupled to the plurality of precharge
transistors, wherein the first logic gate 1s configured to
receive a sleep mode signal and a precharge signal, and
wherein the precharge transistor coupled to the sense
amplifier 1s also configured to receive the precharge
signal.

3. The memory device of claim 2, wherein the first logic
gate 1s a NAND gate having an output coupled to gates of
the plurality of precharge transistors.

4. The memory device of claim 2, further comprising;:

a multiplexer configured to couple one of the plurality of

bitlines to the sense amplifier.

5. The memory device of claim 4, further comprising;:

a second logic gate coupled to a third logic gate, wherein
the second logic gate 1s configured to receive the sleep
mode signal and a sense signal and wherein the second
logic gate and the third logic gate are configured to
output a signal to 1solate the sense amplifier during the
sleep mode.

6. The memory device of claim 35, wherein the second
logic gate 1s a NAND gate and the third logic gate 1s an
inverter.

7. The memory device of claim 1, wherein the memory
device 1s a read-only- memory (ROM).

8. The memory device of claim 1, further comprising an
clectronic device, selected from the group consisting of a set
top box, music player, video player, entertainment unit,
navigation device, communications device, personal digital
assistant (PDA), fixed location data unit, and a computer,
into which the memory device 1s integrated.

9. A method of reducing leakage current in a memory
device comprising a memory core array and peripheral logic
configured to interface with the memory core array, the
method comprising:

entering a sleep mode;

1solating, with a footswitch, the peripheral logic from a
ground voltage during the sleep mode;

isolating, with a headswitch, the memory core array
including bit cells and a sense amplifier during the
sleep mode, wherein the headswitch 1s formed of a
plurality of precharge transistors each arranged in
series with each of the bit cells coupled to correspond-
ing bitlines and a precharge transistor coupled to the
sense amplifier, and used as part of the memory core
array;

isolating, with a p-type metal oxide semiconductor
(PMOS) transistor, a high voltage supply from the
sense amplifier; and

isolating, with an n-type metal oxide semiconductor
(NMOS) transistor, a low voltage supply from the sense
amplifier. the bit cells coupled to corresponding bitlines
and a precharge transistor coupled to the sense ampli-
fier, and used as part of the memory core array;

means for 1solating a high voltage supply from the sense
amplifier; and

means for 1solating a low voltage supply from the sense
amplifier.
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10. The method claim 9, further comprising;:
recerving a sleep mode signal at a first logic gate;

turning ofl the plurality of precharge transistors to isolate
the bitlines from a precharge current path; and

turning ofl the precharge transistor coupled to the sense
amplifier to 1solate the sense amplifier from the pre-
charge current path.

11. The method of claim 10, wherein the first logic gate
1s a NAND gate having an output coupled to gates of the
plurality of precharge transistors.

12. The method of claim 10, further comprising:
recerving a sleep mode signal at a second logic gate;
outputting a first sense signal to a third logic gate;

outputting a second sense signal from the third logic gate,
and

1solating the sense amplifier 1n response to the first and
second sense signals during the sleep mode.

13. The method of claim 12, wherein the second logic gate
1s a NAND gate and the third logic gate 1s an inverter.

14. The method of claim 9, wherein the memory device 1s
a read-only-memory (ROM).

15. A memory device comprising:

means for receiving a sleep mode signal to enter a sleep
mode;

means for 1solating a peripheral logic from a ground
voltage, the peripheral logic configured to interface
with a memory core array during the sleep mode;

means for 1solating the memory core array including bat
cells and a sense amplifier during the sleep mode
comprising a plurality of precharge transistors each
arranged 1n series with each of the bit cells coupled to
corresponding bitlines and a precharge transistor
coupled to the sense amplifier, and used as part of the
memory core array;

means for 1solating a high voltage supply from the sense
amplifier; and

means for 1solating a low voltage supply from the sense
amplifier.

16. The memory device of claim 15, further comprising:

means for turning ofl the plurality of precharge transistors
to 1solate a plurality of bitlines from the precharge
current path; and

turning ofl the precharge transistor coupled to the sense
amplifier to 1solate the sense amplifier from the pre-
charge current path.

17. The memory device of claim 16, wherein the means
for turning off the plurality of precharge transistors 1s a
NAND gate having an output coupled to gates of the
plurality of precharge transistors.

18. The memory device of claim 16, further comprising:
means for outputting a first sense signal;

means for outputting a second sense signal; and

means for 1solating a sense amplifier 1n response to the
first and second sense signals during the sleep mode.

19. The memory device of claim 18, wherein means for
outputting the first sense signal 1s a NAND gate configured
to recerve the sleep mode signal and the means for output-
ting the second sense signal 1s an inverter configured to
receive the first sense signal.

20. The memory device of claim 15, wherein the memory
device 1s a read-only- memory (ROM).
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21. The memory device of claim 15, further comprising an
clectronic device, selected from the group consisting of a set
top box, music player, video player, entertainment unit,
navigation device, communications device, personal digital
assistant (PDA), fixed location data unit, and a computer, 5
into which the memory device 1s integrated.
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